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FERROELECTRIC FIELD EFFECT other systems , at least some individual memory cells may be 
TRANSISTORS , PLURALITIES OF configured to store more than two levels or states of infor 
FERROELECTRIC FIELD EFFECT mation . 

TRANSISTORS ARRAYED IN ROW LINES A field effect transistor is one type of electronic compo 
AND COLUMN LINES , AND METHODS OF nent that may be used in a memory cell . These transistors 

FORMING A PLURALITY OF comprise a pair of conductive source / drain regions having a 
FERROELECTRIC FIELD EFFECT semiconductive channel region there between . A conductive 

TRANSISTORS gate is adjacent the channel region and separated there - from 
by a thin gate insulator . Application of a suitable voltage to 

RELATED PATENT DATA the gate allows current to flow from one of the source / drain 
regions to the other through the channel region . When the 

This patent resulted from a continuation application of voltage is removed from the gate , current is largely pre 
U.S. patent application Ser . No. 157677,252 , filed Aug. 15 , vented from flowing through the channel region . Field - effect 
2017 , entitled “ Ferroelectric Field Effect Transistors , Plu transistors may also include additional structure , for 
ralities Of Ferroelectric Field Effect Transistors Arrayed In example reversibly programmable charge storage regions as 
Row Lines And Column Lines , And Methods Of Forming A part of the gate construction . Transistors other than field 
Plurality Of Ferroelectric Field Effect Transistors ” , naming effect transistors , for example bipolar transistors , may addi 
Durai Vishak Nirmal Ramaswamy and Kirk D. Prall as tionally or alternately be used in memory cells . Transistors 
inventors , which was a divisional application of U.S. patent 20 may be used in many types of memory . Further , transistors 
application Ser . No. 15 / 005,250 , filed Jan. 25 , 2016 , entitled may be used and formed in arrays other than memory . 
“ Ferroelectric Field Effect Transistors , Pluralities Of Ferro One type of transistor is a ferroelectric field effect tran 
electric Field Effect Transistors Arrayed In Row Lines And sistor ( FeFET ) wherein at least some portion of the gate 
Column Lines , And Methods Of Forming A Plurality Of construction comprises ferroelectric material . Such materi 
Ferroelectric Field Effect Transistors ” , naming Durai Vishak 25 als are characterized by two stable polarized states . These 
Nirmal Ramaswamy and Kirk D. Prall as inventors , now different states in field effect transistors may be character 
U.S. Pat . No. 9,761,715 , which was a divisional of U.S. ized by different threshold voltage ( V. ) for the transistor or 
patent application Ser . No. 14 / 260,977 , filed Apr. 24 , 2014 , by different channel conductivity for a selected operating 
entitled “ Ferroelectric Field Effect Transistors , Pluralities Of voltage . Polarization state of the ferroelectric material can be 
Ferroelectric Field Effect Transistors Arrayed In Row Lines 30 changed by application of suitable programming voltages , 
And Column Lines , And Methods Of Forming A Plurality Of and which results in one of high channel conductance or low 
Ferroelectric Field Effect Transistors ” , naming Durai Vishak channel conductance . The high and low conductance , 
Nirmal Ramaswamy and Kirk D. Prall as inventors , now invoked by the ferroelectric polarization state , remains after 
U.S. Pat . No. 9,263,577 , the disclosures of which are incor- 35 time ) . The status of the channel can be read by applying a removal of the programming gate voltage ( at least for a 
porated by reference . small drain voltage which does not disturb the ferroelectric 

polarization . TECHNICAL FIELD 
BRIEF DESCRIPTION OF THE DRAWINGS 

Embodiments disclosed herein pertain to ferroelectric 
field effect transistors , to pluralities of ferroelectric field FIG . 1 is a diagrammatic perspective view of a portion of 
effect transistors arrayed in row lines and column lines , and a substrate fragment comprising a ferroelectric field effect 
to methods of forming a plurality of ferroelectric field effect transistor construction in accordance with an embodiment of 
transistors . the invention . 

FIG . 2 is a section view taken through line 2-2 in FIG . 1 . 
BACKGROUND FIG . 3 is a section view taken through line 3-3 in FIG . 1 . 

FIG . 4 is a diagrammatic perspective view of a portion of 
Memory is one type of integrated circuitry , and is used in a substrate fragment comprising an array of ferroelectric 

computer systems for storing data . Memory may be fabri field effect transistor constructions in accordance with an 
cated in one or more arrays of individual memory cells . 50 embodiment of the invention . 
Memory cells may be written to , or read from , using digit FIG . 5 is a section view taken through line 5-5 in FIG . 4 . 
lines ( which may also be referred to as bit lines , data lines , FIG . 6 is a section view taken through line 6-6 in FIG . 4 . 
sense lines , or data / sense lines ) and access lines ( which may FIG . 7 is a diagrammatic perspective view of a portion of 
also be referred to as word lines ) . The digit lines may a substrate fragment comprising an array of ferroelectric 
conductively interconnect memory cells along columns of 55 field effect transistor constructions in accordance with an 
the array , and the access lines may conductively interconnect embodiment of the invention . 
memory cells along rows of the array . Each memory cell FIG . 8 is a section view taken through line 8-8 in FIG . 7 . 
may be uniquely addressed through the combination of a FIG . 9 is a section view taken through line 9-9 in FIG . 7 . 
digit line and an access line . FIG . 10 is a diagrammatic section view of a portion of a 
Memory cells may be volatile or non - volatile . Non- 60 substrate fragment comprising an array of ferroelectric field 

volatile memory cells can store data for extended periods of effect transistor constructions in accordance with an embodi 
time including when the computer is turned off . Volatile ment of the invention . 
memory dissipates and therefore requires being refreshed / FIG . 11 is a diagrammatic perspective view of a portion 
rewritten , in many instances multiple times per second . of a substrate fragment in process in accordance with an 
Regardless , memory cells are configured to retain or store 65 embodiment of the invention . 
memory in at least two different selectable states . In a binary FIG . 12 is a view of the FIG . 11 substrate at a processing 
system , the states are considered as either a “ O ” or a “ 1 ” . In step subsequent to that shown by FIG . 11 . 

40 

45 
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FIG . 13 is a section view taken through line 13-13 in FIG . materials and circuitry for clarity . Other components of 
12 . integrated circuitry may be elevationally outward , elevation 

FIG . 14 is a section view taken through line 14-14 in FIG . ally inward , and / or to the sides of transistor 10. Additionally , 
12 . multiple such transistors would likely constitute part of 

FIG . 15 is a view of the FIG . 12 substrate at a processing 5 integrated circuitry , for example an array of such transistors 
step subsequent to that shown by FIG . 12 . that might be used in memory circuitry , logic circuitry , or 

FIG . 16 is a section view taken through line 16-16 in FIG . other circuitry . 
15 . Ferroelectric transistor 10 comprises a semiconductive 

FIG . 17 is a section view taken through line 17-17 in FIG . channel 14 ( FIGS . 2 and 3 ) that has opposing sidewalls 16 , 
15 . 10 18 ( FIG . 2 ) , opposite ends 17 ( FIG . 3 ) , and an elevationally 

FIG . 18 is a view of the FIG . 16 substrate at a processing outermost top 20 ( FIGS . 2 and 3 ) . A source / drain region 22 
step subsequent to that shown by FIG . 16 . ( FIGS . 1 and 3 ) is at opposite ends 17 of channel 14 . 

FIG . 19 is a view of the FIG . 17 substrate at a processing Example ferroelectric transistor 10 may be p - type or n - type , 
step subsequent to that shown by FIG . 17 , and correspond and lightly doped drain regions , halo regions , etc. ( not 
ing in processing sequence to that of FIG . 18 . 15 shown ) may be used . Regardless , transistor 10 is shown in 

FIG . 20 is a view of the FIG . 8 substrate at a processing part as having been fabricated relative to a rail or fin 25 that 
step subsequent to that shown by FIG . 18 . extends elevationally from a base 26 , each of which com 

FIG . 21 is a view of the FIG . 19 substrate at a processing prises semiconductive material 12. An example elevational 
step subsequent to that shown by FIG . 19 , and correspond projecting distance of rail 25 relative to an devotionally 
ing in processing sequence to that of FIG . 20 . 20 outermost surface of base 26 is about 200 to 2,000 Ang 

stroms . An example maximum elevational thickness Tsd for 
DETAILED DESCRIPTION OF EXAMPLE source / drain regions 22 is about 100 to 1,000 Angstroms . 

EMBODIMENTS Regardless , FIGS . 1-3 show source / drain regions 22 only 
being in elevationally outmost portions of rail 25. Alter 

A ferroelectric field effect transistor 10 in accordance with 25 nately , as examples , the source / drain regions may project 
an embodiment of the invention is initially described with deeper into rails 25 , including completely devotionally 
reference to FIGS . 1-3 . Example transistor 10 is shown as there - into or there - through . Further , the source / drain regions 
having been fabricated relative to an underlying substrate may comprise elevated source / drain material . 
14 , which may include semiconductive material 12 of a Ferroelectric transistor 10 includes a gate construction 28 
semiconductor substrate . In the context of this document , the 30 comprising various materials . Example gate construction 28 
term " semiconductor substrate ” or “ semiconductive sub includes inner dielectric 30 extending along channel top 20 
strate ” is defined to mean any construction comprising and laterally along channel sidewalk 16 , 18. Example inner 
semiconductive material , including , but not limited to , bulk dielectric materials 30 include one or both of silicon dioxide 
semiconductive materials such as a semiconductive wafer and silicon nitride . An example thickness for dielectric 30 is 
( either alone or in assemblies comprising other materials 35 about 10 to 100 Angstroms . In this document , “ thickness ” by 
thereon ) , and semiconductive material layers ( either alone or itself ( no preceding directional adjective ) is defined as the 
in assemblies comprising other materials ) . One example is mean straight - line distance through a given material or 
semiconductor - on - insulator . The term “ substrate ” refers to region perpendicularly from a closest surface of an imme 
any supporting structure , including , but not limited to , the diately adjacent material of different composition or of an 
semiconductive substrates described above . 40 immediately adjacent region . Additionally , the various mate 

Any of the materials and / or structures described herein rials described herein may be of substantially constant 
may be homogenous or non - homogenous , and regardless thickness or of variable thicknesses . 
may be continuous or discontinuous over any material that Inner conductive ( i.e. electrically ) material 32 ( designated 
such overlie . As used herein , " different composition ” only in FIGS . 1 and 3 ) is elevationally and laterally outward of 
requires those portions of two stated materials that may be 45 inner dielectric 30 and extends along channel top 20 and 
directly against one another to be chemically and / or physi laterally along channel sidewalls 16 , 18. Example inner 
cally different , for example if such materials are not homog conductive materials 32 include any suitable one or more of 
enous . If the two stated materials are not directly against one elemental metals , alloys of two or more elemental metals , 
another , “ different composition ” only requires that those conductive metal compounds , and conductively doped semi 
portions of the two stated materials that are closest to one 50 conductive material . Example construction 28 shows inner 
another be chemically and / or physically different if such conductive material 32 as comprising materials 31 and 33 . 
materials are not homogenous . In this document , a material In one example , each may be of the same chemical com 
or structure is “ directly against ” another when there is at position , for example . TiN formed using two different depo 
least some physical touching contact of the stated materials sition techniques as described below in connection with a 
or structures relative one another . In contrast , “ over ” , “ on ” , 55 method embodiment of the invention . 
and " against " not preceded by " directly " , encompass Outer ferroelectric material 34 is elevationally outward of 
“ directly against " as well as construction where intervening inner conductive material 32 and extends along channel top 
material ( s ) or structure ( s ) result ( s ) in no physical touching 20. Any suitable existing or yet - to - be - developed ferroelec 
contact of the stated materials or structures relative one tric material may be used . Examples include ferroelectrics 
another . Further , unless otherwise stated , each material may 60 that have one or more of transition metal oxide , zirconium , 
be formed using any suitable existing or yet - to - be - developed zirconium oxide , hafnium , hafnium oxide , lead zirconium 
technique , with atomic layer deposition , chemical vapor titanate , and barium strontium titanate , and may have dopant 
deposition , physical vapor deposition , epitaxial ( growth , therein which comprises one or more of silicon , aluminum , 
diffusion doping , and ion implanting being examples . lanthanum , yttrium , erbium , calcium , magnesium , stron 

Example material 12 includes appropriately p - type and / or 65 tium , and a rare earth element . Two specific examples are 
n - type doped monocrystalline or polycrystalline silicon . Hf Si , o , and Hf_Zr ,, Oz . An example thickness for outer 
FIGS . 1-3 depict transistor 10 in the absence of surrounding ferroelectric material 34 is about 10 to 100 Angstroms . 
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Outer conductive material 36 is elevationally outward of ward of the channel that are laterally coincident relative one 
outer ferroelectric material 34 and extends along channel top another . For example as shown in FIG . 3 , sidewalls 47 , 51 , 
20. Example materials include any of those described above 55 , and 59 are laterally coincident relative one another , and 
with respect to inner conductive material 32 , with one as shown in FIG . 2 sidewalls 48 , 52 , 56 , and 60 are laterally 
example being a composite of elemental tungsten and TiN . 5 coincident relative one another . 
An example thickness for material 32 is about 100 to 1,000 In one embodiment , all of the outer conductive material , 
Angstroms . Example gate construction 28 may be consid the outer ferroelectric material , and the inner semiconduc 
ered by people of skill in the art as MFMIS construction . tive material have at least two pairs of laterally opposing 

In one embodiment , no portion of outer ferroelectric vertical sidewalls elevationally outward of the channel that 
material 34 is laterally over any of channel sidewalls 16 , 18 , 10 are laterally coincident relative one another , for example as 
for example as is shown . In one embodiment , no portion of is shown with respect to gate construction 28 in FIGS . 1-3 . 
outer conductive material 36 is laterally over any of channel Specifically , FIG . 3 illustrates a pair of two laterally oppos 
sidewalls 16 , 18 , for example as shown . In one embodiment , ing vertical sidewalls 47 , 48 for outer conductive material 
each source / drain region 22 has a maximum elevational 36 , a pair of two laterally opposing vertical sidewalls 51 , 52 
thickness TSD ( FIGS . 1 and 3 ) that is less than a maximum 15 for outer ferroelectric material 34 , a pair of two laterally 
elevational thickness Tip of inner dielectric 30 ( FIG . 2 ) . In opposing vertical sidewalls 55 , 56 for inner conductive 
one embodiment , each source / drain region 22 has a maxi material 32 , and wherein sidewalls 47 , 51 , 55 , and 59 are 
mum elevational thickness Tsp that is less than a maximum laterally coincident relative one another as are sidewalls 48 , 
elevational thickness Ticm of inner conductive material 32 52 , 56 , and 60. FIG . 2 illustrates another pair of laterally 
( FIG . 2 ) . In one embodiment , inner conductive material 32 20 opposing sidewalls 45 , 46 of outer conductive material 36 , 
has a maximum elevational thickness Ticm that is greater another pair of laterally opposing vertical sidewalls 49 , 50 of 
than a minimum width Cmw of channel 14 taken orthogo outer ferroelectric material 34 , and another pair of two 
nally relative to a shortest straight - line distance C , ( i.e. , laterally opposing vertical sidewalls 53 , 54 of inner conduc 
channel length ) between source / drain regions 22 ( e.g. , CmW tive material 32 , with sidewalls 45 , 49 , and 53 being laterally 
being shown in FIG . 2 and C , being shown in FIG . 3 ) . C? 25 coincident relative one another and sidewalk 46 , 50 , and 54 
is shown as being greater than Cmw , although this could be being laterally coincident relative one another . 
reversed or C? and Cmw could be equal . In one embodiment , Each of outer conductive material 36 , outer ferroelectric 
inner conductive material 32 has a maximum elevational material 34 , and inner conductive material 32 in the depicted 
thickness T1CM that is greater than channel length C? . In one embodiment may be considered as having respective encir 
embodiment , inner conductive material 32 and inner dielec- 30 cling perimeter edges in at least one respective horizontal 
tric 30 have respective elevationally innermost surfaces 40 , cross - section elevationally outward of channel 14 ( e.g. , 
42 ( FIG . 2 ) , respectively , that are not elevationally coinci respective perimeter edges as defined by their respective 
dent . sidewalls in at least one , horizontal plane ) . In some embodi 

Field effect transistor 10 is shown as being horizontally ments , any two or all three of such encircling perimeter 
oriented , although vertical orientation or orientations other 35 edges are everywhere laterally coincident , with all three 
than vertical or horizontal may be used . In this document , encircling perimeter being shown as being laterally coinci 
vertical is a direction generally orthogonal to horizontal , dent in example gate construction 28 in FIGS . 1-3 . 
with horizontal referring to a general direction along a Some embodiments of the invention include a plurality of 
primary surface relative to which a substrate is processed ferroelectric field effect transistors arrayed in row lines and 
during fabrication . Further , vertical and horizontal as used 40 column lines , for example an array 65 as shown in FIGS . 
herein are generally perpendicular directions relative one 4-6 . Like numerals from the above - described embodiments 
another independent of orientation of the substrate in three have been used where appropriate , with some construction 
dimensional space . Additionally , elevational , above , and differences being indicated with different numerals . 
below are with reference to the vertical direction . Further in Example array 65 includes a plurality of ferroelectric field 
the context of this document , a vertically oriented transistor 45 effect transistors 10 substantially as shown and described 
is characterized by predominant current flow through the above with reference to FIGS . 1-3 . Transistors 10 in array 65 
channel in the vertical direction . A horizontally oriented are shown as extending in row lines 66 and column lines 67 . 
transistor is characterized by predominant current flow Use of “ row ” and “ column ” in this document is for conve 
through the channel in the horizontal direction . nience in distinguishing one series of lines from another 

In the example embodiments of FIGS . 1-3 , each of outer 50 series of lines . Accordingly , “ row ” and “ column ” are 
conductive material 36 , outer ferroelectric material . 34 , intended to be synonymous with any series of lines inde 
inner conductive material 32 , and inner dielectric 30 eleva pendent of function . Regardless , the rows may be straight 
tionally outward of channel 14 are four - sided and shown as and / or curved and / or parallel and / or not parallel relative one 
having vertical sidewalls ( i.e. , within 5 ° of vertical ) . Other another , as may be the columns . Further , the rows and 
than vertical and / or four - sided structuring may be used , for 55 columns may intersect relative one another at 90 ° or at one 
example more or less than four sides and / or with one or or more other angles . In the depicted example , each of the 
more sides being curved or having a combination of straight row lines and column lines are shown as being individually 
and curved segments . Example gate construction 28 in straight and angling relative one another at 90 ° . Dielectric 
FIGS . 2 and 3 is shown as comprising outer conductive isolating material ( not shown ) would likely be between and 
material 36 having four vertical sidewalls 45-48 , outer 60 among lines 66 , 67 but is not shown for clarity . Only two 
ferroelectric material 34 having four vertical sidewalls row lines 66 and two column lines 67 are shown in FIGS . 
49-52 , inner conductive material 32 having four vertical 4-6 , as are only two ferroelectric transistors 10 being shown 
sidewalls 53-56 , and inner dielectric 30 having four vertical in each line 66 and 67. An array would likely have thousands 
sidewalls 57-60 . In one embodiment , all of the outer con or more transistors of like construction therein , arrayed in 
ductive material , the outer ferroelectric material , the inner 65 thousands or more column and row lines . 
conductive material , and the inner dielectric have at least In one embodiment , at least one of the outer conductive 
two laterally opposing vertical sidewalls elevationally out material and the outer ferroelectric material is discontinuous 
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along both of the row lines and the column lines between FIGS . 11-21 . Like numerals from the above - described 
immediately adjacent transistors . FIGS . 4-6 depicts such an embodiments have been used where appropriate , with some 
example , and additionally wherein both of outer conductive construction differences being indicated with different 
material 36 and outer ferroelectric material 34 are discon numerals or with the suffix “ c ” . Referring to FIG . 11 , 
tinuous along both of row lines 66 and column lines 67 5 plurality of trenches 79 has been formed into semiconduc 
between immediately adjacent transistors ( i.e. , within such tive material 12 , thereby forming fins or rails 25. Example 
respective lines ) . Conductive contacts ( not shown ) can be trenches 79 are shown as being parallel and longitudinally 
made to the individual source / drain regions 22 , and indi elongated relative to horizontal . 
vidual conductive contacts ( not shown ) can be made to outer Referring to FIG . 12-14 , inner dielectric 30 has been 
conductive material 36 of individual gate constructions 28. 10 formed over sidewalls of trenches 79 and over semiconduc 
Any other attribute ( s ) or construction ( s ) as described above tive material 12 that is between trenches 79. Inner dielectric 
may be used . 30 may also be formed elevationally over the bases of 

In one embodiment , the outer conductive material and the trenches 79 as shown . First inner conductive material 31 has 
outer ferroelectric material are discontinuous between been formed over inner dielectric 30 , the trench bases , the 
immediately adjacent transistors along one of the collective 15 trench sidewalls , and semiconductive material 12 that is 
row lines and the collective column lines . The conductive between trenches 79. FIGS . 12-14 depict an example 
material and the outer ferroelectric material are continuous embodiment wherein first inner conductive material 31 is 
between immediately adjacent transistors along the other of formed to be both a ) continuous between trenches 79 in a 
the collective row lines and the column lines . An alternate direction orthogonal to the horizontal longitudinal running 
such example is shown in FIGS . 7-9 with respect to an array 20 direction of parallel trenches 79 , and b ) continuous within 
65a of a plurality of ferroelectric field effect transistors 10 . trenches 79. Example techniques for depositing first inner 
Like numerals from the above - described embodiments have conductive material include chemical vapor deposition and 
been used where appropriate , with some construction dif atomic layer deposition . Additionally , second inner conduc 
ferences being indicated with the suffix “ a ” or with different tive material 33c has been formed over and is electrically 
numerals . Discontinuity of outer conductive material 36 and 25 coupled to first inner conductive material 31. Second inner 
outer ferroelectric material 34 is shown in array 65a as being conductive material 33c is formed to be elevationally thicker 
between immediately adjacent transistors 10 along column over the semiconductive material that is between the 
lines 67. Outer conductive material 36 and outer ferroelec trenches than any that is formed elevationally centrally over 
tric material 34 are continuous between immediately adja the trench bases . In one embodiment and as shown , forming 
cent transistors along row lines 66 in the construction of 30 of second inner conductive material 33c does form such 
FIGS . 7-9 . Of course , the relationship could be reversed ( not material over the trench bases . In one such embodiment , 
shown ) wherein such materials are continuous along the second inner conductive material 33 is formed to run con 
column lines and discontinuous along the row lines . A tinuously over the trench bases , the trench sidewalls , and 
chosen array construction like 65 or 65a might likely be semiconductive material 12 between trenches 79 at least in 
dependent upon a particular circuitry architecture being 35 the direction orthogonal to the longitudinal running direction 
fabricated ( e.g. , AND vs. NOR ) . Any other attribute ( s ) or of parallel trenches 79. An example technique for depositing 
construction ( s ) as described above may be used . second inner conductive material 33c ( e.g. , TiN ) to be 

The above array embodiments show a single source / drain elevationally thicker between the trenches than any that is 
region 22 being shared between and by two immediately formed centrally over the trench bases ( e.g. , low conformal 
adjacent transistors 10 in a given column 67 , and semicon- 40 ity ) includes physical vapor deposition . 
ductive material 12 also being continuous along an indi Referring to FIGS . 15-17 , etching has been conducted at 
vidual column 67. Alternately , as examples , the semicon least through second inner conductive material 33c and first 
ductive material along individual columns may be formed to inner conductive material 31 to form lines 66 at least of first 
be partially or wholly discontinuous between immediately inner conductive material 31 and that run orthogonal to the 
adjacent transistors , and / or source / drain regions 22 might 45 longitudinal running direction of parallel trenches 79 . 
not be shared by immediately adjacent transistors . One such Dielectric 30 may also be etched , for example completely 
example embodiment array 65b is shown in FIG . 10 in there - through as shown . 
comparison to the construction ( s ) as shown by FIGS . 6 and Referring to FIGS . 18 and 19 , such respectively corre 
9. Like numerals from the above - described embodiments spond to section views 16 and 17 at a subsequent processing 
have been used where appropriate , with some construction 50 step . Anisotropic etching has been conducted of both a ) first 
differences being indicated with different numerals or with inner conductive material 31 from over the trench bases to 
the suffix “ b ” or with different numerals . In FIG . 10 , isolate first inner conductive material 31 from being con 
dielectric material 70 ( e.g. , silicon dioxide and / or silicon tinuous over the individual trench bases , and b ) second inner 
nitride ) may be used to electrically isolate between adjacent conductive material 33c ( designated as 33 post - etch ) that is 
components . Dielectric 70 is shown extending through rails 55 elevationally over semiconductive material 12 that is 
25 and into base 26. Alternately , the dielectric may extend between trenches 79. Such anisotropic etching includes at 
only partially into rails 25 ( not shown ) or terminate at the least one etching step which is common to the etching of 
interface of rails 25 and base 26 ( not shown ) . Any other both first inner conductive material 31 and second inner 
attribute ( s ) or construction ( s ) as described above may be conductive material 33c . In one embodiment and as shown , 
used . 60 the etching leaves some of second inner conductive material 

Ferroelectric field effect transistors and arrays in accor 33 elevationally over first inner conductive material 31 
dance with the invention may be fabricated using any between trenches 79 , and in one embodiment leaves some of 
existing or yet - to - be - developed techniques , including for second inner conductive material 33 laterally along the 
example those described below . trench sidewalls . In one embodiment where second inner 

Embodiments of the invention include methods of form- 65 conductive material 33c also deposits centrally over the 
ing a plurality of ferroelectric field effect transistors . trench bases , the common etching step also etches it from 
Example such embodiments are described with reference to over the trench bases to isolate it from being continuous over 
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the individual trench bases , as is shown . Source / drain at opposite ends of the channel . A gate construction of the 
regions 22 ( FIG . 19 ) may also be formed . individual transistors comprises inner dielectric extending 

In the above example embodiment , etching is shown as along the channel top and laterally along the channel side 
having occurred first with respect to FIGS . 15-17 and then walls . Inner conductive material is elevationally and later 
with respect to FIGS . 18 and 19. Alternately , this could be 5 ally outward of the inner dielectric and extends along the 
reversed whereby the FIGS . 18 and 19 etching occurs first channel top and laterally along the channel sidewalk . Outer 
( e.g. , with respect to the FIGS . 12-14 construction ) followed ferroelectric material is elevationally outward of the inner 
by the FIGS . 15-17 etching . Regardless , in one embodiment , conductive material and extends along the channel top . 
the anisotropic etching exemplified by FIGS . 18 and 19 may Outer conductive material is elevationally outward of the 
be conducted in the absence of masking ( i.e. , in maskless / no 10 outer ferroelectric material and extends along the channel 
mask manner ) at least within an entirely of an array region top . The outer conductive material and the outer ferroelectric 
of the transistors being formed . material are discontinuous between immediately adjacent 

Referring to FIGS . 20 and 21 , and in one embodiment , transistors along one of a ) the collective row lines , and b ) the 
dielectric fill material 82 ( e.g. , silicon dioxide and / or silicon collective column lines . The outer conductive material and 
nitride ) has been formed within trenches 79 over the trench 15 the ferroelectric material are continuous between immedi 
bases and at least over first inner conductive material 31 that ately adjacent transistors along the other of the collective 
is along the trench sidewalls . Outer ferroelectric material 34 row lines and the collective column lines . 
has been formed elevationally over first inner conductive In some embodiments , an MFMIS transistor has F along 
material 31 that is over semiconductive material 12 that is a horizontal channel surface and I along a vertical channel 
between trenches 79. Additionally , outer conductive mate- 20 surface . In some such embodiments , F is not along any 
rial 36 has been formed elevationally over outer ferroelectric vertical channel surface of the transistor . In some such 
material 34. Outer conductive material 36 and outer ferro embodiments , I is along two vertical channel surfaces of the 
electric material 34 may then be patterned , by way of transistor . In some such embodiments , total area of I that is 
example , to produce either the array construction 65 of over the channel of the transistor is greater than total area of 
FIGS . 4-6 or the array construction 65a of FIGS . 7-9 . 25 F that is over the channel of the transistor . 

Any other attribute ( s ) or construction ( s ) as described In some embodiments , a method of forming a plurality of 
above may be used . ferroelectric field effect transistors comprises forming a 

plurality of trenches into semiconductive material , the 
CONCLUSION trenches being parallel and longitudinally elongated relative 

30 to horizontal . Inner dielectric is formed over sidewalls of the 
in some embodiments , a ferroelectric field effect transistor trenches and over semiconductive material that is between 

comprises a semiconductive channel comprising opposing the trenches . First inner conductive material is formed over 
sidewalls and an elevationally outermost top . A source / drain the inner dielectric , bases of the tre ches , the trench side 
region is at opposite ends of the channel . A gate construction walk , and the semiconductive material that is between the 
of the transistor comprises inner dielectric extending along 35 trenches . The first inner conductive material is continuous 
the channel top and laterally along the channel sidewalls . within and between the trenches at least in a direction 
Inner conductive material is elevationally and laterally out orthogonal to a horizontal longitudinal running direction of 
ward of the inner dielectric and extends along the channel the parallel trenches . Second inner conductive material is 
top and laterally along the channel sidewalls . Outer ferro formed over and electrically couples to the first inner 
electric material is elevationally outward of the inner con- 40 conductive material . The second inner conductive material 
ductive material and extends along the channel top . Outer is formed elevationally thicker over the semiconductive 
conductive material is elevationally outward of the outer material that is between the trenches than any that is formed 
ferroelectric material and extends along the channel . elevationally centrally over the trench bases . In at least one 

In some embodiments , a plurality of ferroelectric field common etching step , anisotropically etching is conducted 
effect transistors is arrayed in row lines and column lines . 45 of both : a ) the first inner conductive material from over the 
Individual of the ferroelectric field effect transistors com trench bases to isolate the first inner conductive material 
prise a semiconductive channel comprising opposing side from being continuous over the individual trench bases ; and 
walls and an elevationally outermost top . A source / drain b ) the second inner conductive material that is elevationally 
region is at opposite ends of the channel . A gate construction over the semiconductive material that is between the 
of the individual transistors comprises inner dielectric 50 trenches . After the etching , outer ferroelectric material is 
extending along the channel top and laterally along the formed elevationally over the first inner conductive material 
channel sidewalls . Inner conductive material is elevationally that is over the semiconductive material that is between the 
and laterally outward of the inner dielectric and extends trenches . Outer conductive material is formed elevationally 
along the channel top and laterally along ; the channel over the outer ferroelectric material . Source / drain regions 
sidewalls . Outer ferroelectric material is elevationally out- 55 are formed in the semiconductive material that is between 
ward of the inner conductive material and extends along the the trenches on opposing sides of the first inner conductive 
channel top . Outer conductive material is elevationally out material that overlies the semiconductive material that is 
ward of the outer ferroelectric material and extends along between the trenches . 
the channel top . At least one of the outer conductive material In compliance with the statute , the subject matter dis 
and the outer ferroelectric material is discontinuous along 60 closed herein has been described in language more or less 
both of the row lines and the column lines between imme specific as to structural and methodical features . It is to be 
diately adjacent transistors . understood , however , that the claims are not limited to the 

In some embodiments , a plurality of ferroelectric field specific features shown and described , since the means 
effect transistors arrayed in row lines and column lines herein disclosed comprise example embodiments . The 
comprises individual ferroelectric field effect transistors 65 claims are thus to be afforded full scope as literally worded , 
comprise a semiconductive channel comprising sidewalls and to be appropriately interpreted in accordance with the 
and an elevationally outermost top . source / drain region is doctrine of equivalents . 
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The invention claimed is : 7. A system comprising multiple memory cells of claim 5 . 
1. A memory cell comprising : 8. A memory cell comprising : 
a vertically extending semiconductive channel ; a vertically extending semiconductive channel ; 
first dielectric wrapped over a top surface and a pair of first dielectric wrapped over a top surface and a pair of 

outer sidewalls of the vertically extending channel ; outer sidewalls of the vertically extending channel ; 
first conductive material wrapped over a top surface and first conductive material wrapped over a top surface and a pair of outer sidewalls of the first dielectric ; a pair of outer sidewalls of the first dielectric ; ferroelectric material over a top surface of the first con ferroelectric material over a top surface of the first con ductive material , the ferroelectric material being absent ductive material , the ferroelectric material being absent from all outer vertical sidewall surfaces of the first 10 from all outer vertical sidewall surfaces of the first conductive material ; and conductive material ; and second conductive material over a top surface of the 

ferroelectric material ; at least one pair of outer side second conductive material over a top surface of the 
walls of the first conductive material , at least one pair ferroelectric material ; at least one pair of outer side 
of outer sidewalls of the ferroelectric material , and at 15 walls of the ferroelectric material and at least one pair 
least one pair of outer sidewalls of the second conduc of outer sidewalls of the second conductive material 
tive material being laterally coincident relative one being laterally coincident relative one another . 
another . 9. A computer comprising multiple memory cells of claim 

2. The memory cell of claim 1 wherein all of the outer 8 . 
sidewalls of the first conductive material , the ferroelectric 20 10. A system comprising multiple memory cells of claim 
material , and the second conductive material are laterally 8 . 
coincident relative one another . 11. A memory cell comprising : 

3. A computer comprising multiple memory cells of claim a vertically extending semiconductive channel ; 
1 . first dielectric wrapped over a top surface and a pair of 

4. A system comprising multiple memory cells of claim 1. 25 outer sidewalls of the vertically extending channel ; 
5. A memory cell comprising : first conductive material wrapped over a top surface and a vertically extending semiconductive channel ; a pair of outer sidewalls of the first dielectric ; first dielectric wrapped over a top surface and a pair of ferroelectric material over a top surface of the first con outer sidewalls of the vertically extending channel ; ductive material , the ferroelectric material being absent first conductive material wrapped over a top surface and 30 from all outer vertical sidewall surfaces of the first a pair of outer sidewalls of the first dielectric ; conductive material , and ferroelectric material over a top surface of the first con second conductive material over a top surface of the ductive material , the ferroelectric material being absent 

all outer vertical sidewall surfaces of the first conduc ferroelectric material ; at least one pair of outer side 
tive material , and walls of the first conductive material and at least one 

second conductive material over a top surface of the pair of outer sidewalls of the second conductive mate 
ferroelectric material ; at least one pair of outer side rial being laterally coincident relative one another . 
walls of the first conductive material and at least one 12. A computer comprising multiple memory cells of 

claim 11 . pair of outer sidewalls of the ferroelectric material 
being laterally coincident relative one another . 13. A system comprising multiple memory cells of claim 

11 . 6. A computer comprising multiple memory cells of claim 
5 . 
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